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TEM pictures of (A): RFA/TiO2/250°C and (B): RFCA/TiO2/250°C composites 
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Abstract 
 
Monolithic structured TiO2/aerogel composites were prepared from resorcinol-
formaldehyde polymer aerogel (RFA) and its carbon aerogel (RFCA) derivative. A resorcinol-
formaldehyde hydrogel was synthesized in a sol-gel reaction and transformed into polymer 
aerogel by supercritical drying. The RFA was converted to carbon aerogel by pyrolysis at 
900 °C in dry N2. Amorphous and crystalline TiO2 layers were grown from TiCl4 and H2O 
precursors by atomic layer deposition (ALD) at 80 °C and 250 °C, respectively, on both RFA 
and RFCA. The substrates and the composites were studied by N2 adsorption, TG/DTA-MS, 
Raman, SEM-EDX and TEM techniques. Their photocatalytic activity was compared in the UV 
catalyzed decomposition reaction of methyl orange dye.  
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1. Introduction 
 
Beside crystalline carbonaceous nanomaterials such as fullerene, graphene, graphene oxide, 
nanodiamond, carbon nanospheres, carbon nanotubes; mesoporous carbon aerogels have 
attracted a great deal of attention. Carbon aerogels, available also in monolithic form, have 
several favorable properties, for example they can be used as adsorbents or as substrates for 
catalysts, because of their robustness and high specific surface area [1,2]. They are also 
excellent thermal and phonic insulators, while conduct electricity. These properties can be 
tuned through their synthesis conditions. [3–7]  
Resorcinol-formaldehyde (RF) organic aerogels, that Pekala and co-workers synthetized for 
the first time [8], undergo two main stages during preparation. In the first stage a hydrogel is 
prepared by a sol-gel process and in the second stage after drying the aerogel is obtained. 
The resorcinol-formaldehyde polymer aerogel becomes a carbon aerogel in a consecutive 
third stage, which is carbonization occasionally followed by activation. Depending on the 
conditions carbonization or activation influence the structural and performance 
characteristics, like the specific surface area, significantly [9–12].  
Photocatalytic carbon nanocomposites have great potential in the field of environmental 
remediation, water splitting and self-cleaning surfaces [13,14]. Among the various 
semiconductor oxide photocatalysts TiO2 is researched widely, due to being stable and 
nontoxic. TiO2 has ideal band gap width for the half reactions of water splitting and its 
composites with other nanomaterials, such as carbon nanostructures, may enhance the 
photocatalytic activity. However, its use still faces some difficulties, such as a narrow light 
response range limited to UV. The carbon nanostructure inhibits the recombination by 
promoting the charge separation as an electron acceptor. This effect and the widening of the 
wavelength response range through Ti-O-C bonds as well as modifying the photocatalytic 
selectivity are three advantages of TiO2 composites [3,15–18]. Moreover, a number of 
studies indicates that nanoporous or nanostructured carbon materials, such as activated 
carbon or graphene-oxide, show significant photocatalytic activity by themselves, even when 
compared to titania. The origin of this phenomenon is said to be that they behave as 
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semiconductors. Their electric properties depend on their oxidized/reduced states and the 
number and nature of their functional groups. Nevertheless, the photocatalytic activity of 
carbon nanostructures needs considerable further studies [19–24]. 
There are several ways how photocatalytic oxide layers can be deposited on monolithic 
substrates as the aerogels (e.g. sol-gel synthesis, CVD, sputtering) [18]. However, the coating 
of these aerogels still faces some challenges, because of their narrow pore size and high 
surface area. Atomic layer deposition (ALD) is a surface controlled, gas phase deposition 
technique and it enables the coating of complex nanostructures in a conformal and 
homogeneous manner, with a precise control of the grown film thickness at nanometer scale 
[25–30]. Therefore it is an ideal tool to coat uniformly polymer and carbon aerogels. By now, 
there have been several ALD depositions of semiconductor oxides on carbon substrates 
[3,31], however; there have been only a few metal and semiconductor oxide depositions on 
aerogels [32–35], and these composites were not used as photocatalysts, to the best of our 
knowledge. 
Hence, our aim was to prepare polymer and carbon aerogel/TiO2 composites from 
resorcinol-formaldehyde aerogel (RFA) and its carbon aerogel (RFCA) derivative by ALD. The 
RF hydrogel was prepared by sol-gel method from resorcinol and formaldehyde. In the 
second stage the wet gel was dried in supercritical CO2 to obtain the polymer aerogel (RFA). 
The carbon aerogel (RFCA) was obtained by pyrolyzation at 900 °C. TiO2 was grown from 
TiCl4 and H2O precursors at 80 °C and 250 °C on both RFA and RFCA aerogels by ALD. 
Deposited at 80 °C, the TiO2 was amorphous, while at 250 °C it was crystalline. The 
substrates and the composites were examined by several techniques: N2 adsorption, 
TG/DTA-MS, Raman, SEM-EDX and TEM. To test the application of the composites their 
photocatalytic properties were studied. The decomposition of methyl-orange dye under UV 
radiation was followed by UV-Vis technique. 
 
2. Materials and Methods 
 
2.1. Preparation of resorcinol-formaldehyde polymer aerogel (RFA) 
RF polymer hydrogel was prepared by the method of Pekala modified by Lin and Ritter. The 
aqueous precursor solution contained resorcinol (R) (Merck), formaldehyde (F) (37 % aq. 
solution, Merck) and sodium carbonate (C) (Reanal) as catalyst [8,9]. The R/F and R/C molar 
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ratios were 0.5 and 50, respectively, and the overall concentration of the solution was 
5 w/w%. The initial pH was adjusted to 6.0 with diluted HNO3. After 30 min stirring the sol 
was sealed into glass vials (i.d. 4 mm, length ca. 10 cm) and cured at 85 °C for 7 days. Over 
the one-week period the initially colorless solution became brick red as the RF hydrogel was 
forming. After the seven-day incubation the water content of the hydrogel rods was 
exchanged to acetone, which was removed by supercritical CO2 to yield the polymer aerogel. 
 
2.2. Preparation of the carbon aerogel (RFCA)  
Polymer aerogels were converted to carbon in a rotary quartz reactor for 1 h under high 
purity dry nitrogen flow (99.996 %, Linde, 25 mL/min) at 900 °C. 
 
2.3. Atomic layer deposition on the substrates 
TiO2 was deposited on the aerogel substrates in a Beneq TFS-200-186 flow type thermal ALD 
reactor using TiCl4 and H2O as precursors. The pulse times were 0.3 s for both the metal and 
oxygen precursors, 3 s for the nitrogen purge between them, and 200 ALD cycles were used. 
The depositions were carried out at 80 °C and 250 °C, the pressure in the reactor was 1 
mbar. 
 
2.4. Characterization 
TG/DTA-MS measurements were conducted on a TA Instruments SDT 2960 simultaneous 
TG/DTA device in He atmosphere (130 mL /min) using an open platinum crucible and 
10 °C/min heating rate. EGA-MS (evolved gas analytical) curves were recorded by a Balzers 
Instruments Thermostar GSD 200T quadruple mass spectrometer (MS) coupled on-line to 
the TG/DTA instrument. The on-line coupling between the two parts was provided through a 
heated (T=200 °C), 100 % methyl deactivated fused silica capillary tube (inner diameter of 
0.15 mm). 
SEM-EDX data were obtained by a JEOL JSM-5500LV scanning electron microscope after 
sputtering an Au/Pd layer on the samples. The average EDX data (neglecting the sputtered 
layer) were calculated from 6 measured points at each sample. 
Powder XRD patterns were recorded on a PANanalytical X’Pert Pro MPD X-ray diffractometer 
using Cu Kα radiation. 
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TEM images were taken with a FEI Morgagni 268 transmission electron microscope 
operating at 300 keV. Prior to the measurements. The samples were dispersed in EtOH, 
dropped on Cu grids and covered with a 10 nm Formvar film.  
Raman spectra were collected with an Olympus BX41 microscope combined with a Jobin 
Yvon Labram microspectroscope using a frequency duplicated green Nd-YAG laser with a 
wavelength of 532 nm. The spectra were taken in the 100 to 1800 cm-1 range. 
Nitrogen adsorption was measured at -196 °C with a NOVA 2000e (Quantachrome) 
computer controlled volumetric gas adsorption apparatus. Pre-treatment of the samples was 
performed at 100 °C at 3 x10-4 mbar pressure for 24 h. The apparent surface area (SBET) was 
calculated from the Brunauer–Emmett–Teller (BET) model. The NLDFT equilibrium model 
with slit/pore geometry gave the best fit for the pore size distribution of the carbon aerogel. 
As no kernel is available for polymers and TiO2 doped substrates, the same model was used 
to estimate the pore size distribution of all the composites. 
Diffuse reflectance spectra were collected was between 250 and 800 nm on a JASCO V-750 
UV-VIS spectrophotometer equipped with an integrating sphere. The reference material was 
BaSO4. 
Photoluminescence spectra were recorded on a Edinburgh Instruments FS5 
spectrofluorometer, using four different excitation wavelengths: 320, 380, 480 and 600 nm. 
For photocurrent tests, the samples were placed on interdigitated platinum electrodes on 
Al2O3 substrates. The resistance was measured by a Keithley 616 Digital Electrometer with 
and without UV light irradiation. The light source was the same as the UV light used for the 
photocatalytic experiments, and it was 2 cm away from the samples. 
X-ray photoelectron spectra (XPS) were taken on a PHOIBOS HSA3500 100 R6 machine. The 
specimens were put on silicon sample holders. The data were evaluated by CasaXPS 
software using Shirly background. 
 
2.5. Photocatalysis  
The photocatalytic activity of the RFA and RFCA composites was determined from their 
methyl orange (MO) degradation capability under UV light at 25 °C. In a 4 mL quartz cuvette 
1.0 mg sample was suspended in 3 ml 4×10-5 mol/L MO solution. The RFA related samples 
were kept in dark for 90 minutes to reach constant absorbance. In order to obtain reliable 
photocatalysis data on the RFCA related gels, the initial MO concentration was doubled 
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(8x10-5 mol/L) and the suspensions were kept in dark for 24 h. After the dark adsorption the 
cuvettes were placed between two parallel UV lamps (Osram 18 W UV-A blacklights), 5 cm 
away from each lamp. The decomposition of MO was followed by measuring the absorption 
at 464 nm in every 30 min by a Jasco V-550 UV-Vis spectrophotometer. The relative 
absorbance (the absorbance after an irradiation time t, related to the absorbance at t=0) 
was calculated so that the results could be compared. For reference material, Degussa P25 
TiO2 was used. 
 
3. Results and discussion 
 
The thermoanalytical curves of the RFA and RFCA substrates are presented in Figure 1. When 
heating the RFA in inert He atmosphere to 900 °C, it goes through a significant mass loss, i.e. 
79.8 % (Figure 1. A), which is due to the release of the retained solvent and at higher 
temperature to the degradation of the polymer allowing the detection of water, carbon 
monoxide and dioxide. Basically, a similar process takes place when the RFA is converted to 
RFCA in inert N2 atmosphere. At the relatively low temperature (80 and 250 °C), where the 
ALD was performed, the mass loss of the RFA is only a few percent, i.e. the polymer gel is 
hardly damaged. Hence, at the chosen ALD reaction temperatures there are sufficient 
remaining polar nucleation sites for the deposition [36,37]. Upon annealing the RFCA has a 
considerably lower mass loss, only 25.1 % at 900 °C (Figure 1. B). Although this substrate is 
the pyrolyzation product of RFA, some of the degradation products might be entrapped in 
the matrix. Moreover, when the as-prepared RFCA comes in contact with ambient air after 
cooling down in nitrogen, it could react with the atmospheric oxygen. Accordingly, H2O, CO 
and CO2 can be still detected due to the decomposition of the functional groups of RFCA.  
SEM images were taken about the substrates and the composites (Figure S1). Based on EDX 
data (Table 1 and Table S1), the estimated O content is considerably lower and the C content 
is much higher in the RFCA than in the RFA, showing the effect of pyrolysis. These pictures 
reveal the porous 3D structure of the RFA and RFCA aerogels formed by interconnected 
spherical building units. The ALD TiO2 films deposited at both 80 and 250 °C uniformly coat 
elementary spherical beads of both RFA and RFCA. According to EDX data, Ti was detected in 
all the deposited samples, i.e. the TiO2 growth was successful on both substrates at both 
temperatures. Moreover, the O content increased in the composites, a sign of the as-
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deposited oxide material. Traces of Cl were also detected in the composite samples; as 
residual impurity from the TiCl4 precursor.  
The apparent surface area of the samples was determined by N2 adsorption using the BET-
model (Table 2). The estimated effect of the carbonization and ALD on the pore size 
distribution is shown in Figure S2. Due to the pyrolyzation process the surface area of the 
carbon aerogel became three times higher, compared to the polymer aerogel. In the case of 
the RFA the deposition of the ALD oxide did not change SBET remarkably; the surface area of 
the composites only differs a few 10 m2/g smaller than for the bare RFA. In contrast, the TiO2 
deposition on the RFCA substrate lowered its surface area to its 3/4. The reason for this is 
that the density of RFA is ca. 0.1 g/cm3 and that even lowers during the carbonization 
process [8]. Crystalline anatase TiO2 has a density of 3.9 g/cm
3 [32]. When a high density 
oxide is deposited on a light weight material, and there is no significant change in the 
morphology, the average density increases, leading to a decrease in the specific surface area 
[39–41].  
The TEM images taken of the composites deposited at 250 °C are presented in Figure 2. The 
RFA and RFCA substrates have similar porous structure, featuring the 3D network of beads. 
In Figure 2a we can see the as-grown oxide layers on the RFA substrate, showing the 
excellent quality of ALD deposited layers. On Figure 2b the RFCA/TiO2 composites are shown. 
Here, in some cases island type growth mechanism is visible. The thickness of the layers was 
approximately 7 nm in the case of RFA/TiO2/250, and around 5 nm for the RFCA/TiO2/250. 
Figure 3 shows the Raman spectra of the samples. The characteristic D (diamond/defect, 
sp3, 1582 cm-1) and G (graphite, sp2, 1332 cm-1) carbon peaks appear on all spectra. The RFA 
polymer certainly contains abundant amount of heteroatoms, it is less structured and the D 
and G peaks are wider (Figure 3a). As the result of the pyrolysis the RFCA has more defined D 
and G peaks (Figure 3b) [39–41]. In the composites, the crystalline TiO2 has characteristic 
Raman peaks, among them the 141 cm-1 is the most significant [42]. Both composites 
deposited at 250 °C contain this distinguishable, intensive 141 cm-1 peak, but the ones grown 
at 80 °C do not. This means that the oxide layers grown at 250 °C are crystalline (anatase), 
while the ones deposited at 80 °C are amorphous [42]. Examples of amorphous TiO2 
deposited by low temperature ALD can be found in the literature [28,43–45].  
Based on the powder XRD data both the polymer and carbon aerogels are amorphous 
(Figure S3). At this scale the aerogels are not arranged in a highly ordered structure; 
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therefore, the amorphous nature of the substrates is expected. Deposited at 80 °C, the TiO2 
is amorphous, while at 250 °C it is crystalline (anatase). Unfortunately, no TiO2 peaks could 
be detected probably due to the low amount of TiO2 deposited. 
Diffuse reflectance spectra in Figure S4 shows that the RFA absorbs light uniformly below 
500 nm, while above that the absorbance decreases, as it is an orange colored material. 
After TiO2 deposition, the color and the spectrum remain similar, but the absorption edge of 
the TiO2 appears around 390 nm. The RFCA is black, even after the atomic layer deposition 
of TiO2; thus, the RFCA and its TiO2 composite absorb light across the entire measured 
wavelength range. The absorption edge of the titania is not visible in this case. 
Photoluminescence spectra (Fig. S5-8) depict no activity for the RFA and RFCA. Although TiO2 
by itself is usually active in photoluminescence, no activity was observed from samples 
RFA/TiO2/250°C and RFCA/TiO2/250°C. No TiO2 related peaks are visible, because it is 
present only as a very thin layer on the aerogel substrates. There were no photoluminescent 
peaks related to the interaction between the aerogels and the TiO2 as well. 
In the photocurrent measurements, anatase TiO2 (Sigma-Aldrich) was tested for reference, 
and it revealed a clear photoelectric effect. Its resistance decreased from 31.4 GΩ to 22.1 GΩ 
under UV light (30 % change), because of the generated charge carriers. RFA had no 
photoelectric response; its resistance was 25.4 GΩ and stayed the same under UV 
irradiation. After TiO2 deposition, the RFA/TiO2/250°C showed obvious photocurrent, as its 
initial 20.1 GΩ resistance decreased to 15.5 GΩ under UV light, which corresponded to a 
23 % reduction. The carbonized aerogel, the RFCA was a significantly better conductor with 
its 20 kΩ resistance, compared to RFA, however, it was not affected by the UV light. The 
composite RFCA/TiO2/250°C had base 0.65 MΩ resistance. In the case of this sample, no 
photoelectric effect was observable under UV irradiation. This composite had much lower 
initial resistance than the as-deposited anatase TiO2. Although the photogenerated charge 
carriers improved the conductivity of the TiO2 layer, this was such a small effect compared to 
the much more conductive RFCA substrate, that it was below the detection limit. 
XPS spectra could only be taken from the RFA and RFCA (Fig S9-10), while from the Ti 
containing composites not. Table 3 shows the relative amount of the different carbon bonds 
on samples RFA and RFCA. The amount of C-C bonds increased after the carbonization 
process, as the amount of C-O-C and O-C=O decreased, but they are still present on the 
RFCA. The measured Si signal is explained with the silicon sample holder.  
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The photocatalytic activity is affected by various experimental conditions, i.e., the surface 
area, the number of active sites, the concentration of the dye molecules present, the 
occupation of the active centers, the orientation of the adsorbed dye, the kinetics of the 
adsorption, decomposition and the desorption of the degradation products, the diffusion 
and local pH conditions, etc. Moreover, the mechanism of the catalysis might be different on 
the chemically significantly different surfaces. Even in the case of chemically similar species 
various crystalline forms show drastically different activity. Although the SEM images show a 
continuous layer deposition, it cannot be excluded that the MO molecules have access 
directly to the substrate surface as well. 
In our experiments prior to the catalytic test the adsorption equilibrium of the dye molecules 
was practically achieved, nevertheless, with the different samples it resulted in different 
surface coverage. The whole UV-Vis spectrum was recorded each time to follow the 
concentration of the remaining MO. The position of the maximum was always at 464 nm.  
The results of the photocatalytic test are demonstrated in Figure 4. Figure 4a shows that the 
RFA alone degrades the MO dye slightly under UV light [46]. This photocatalytic effect 
becomes more significant after growing TiO2 on the RFA substrate [39,40,47]. Due to the 
relatively similar surface area the results can be directly compared. Even the 80 °C ALD TiO2 
containing composite has a stronger photocatalytic activity with the amorphous oxide layer. 
The RFA composite with the crystalline anatase TiO2 proved to be the most effective among 
them, as anatase is known to have high photocatalytic activity. 
In the case of the RFCA composites more effective photocatalytic activity was achieved than 
in the case of the RFA, due to the higher surface area and more active reaction sites of the 
substrate (Figure 4b). Unexpectedly, the bare RFCA substrate was proved to be more active 
photocatalyst than its composites. According to the N2 adsorption data (Table 2) the TiO2 
deposition reduces the apparent surface are of the RFCA substrate. Since for the 
photocatalytic measurements samples with identical mass were used, the surface area and 
perhaps the number of active sites were lower in the samples after the ALD oxide growth. To 
compensate this, the relative absorbance was normalized to the surface area to get 
comparable results. The 80 °C RFCA composite was used as the base of the normalization, 
e.g. ’  2 (250 °) =  TiO2 (250°C) *S  2 (250 °) /S 2 (80 °). The normalized 
photocatalytic data for RFCA and their composites can be found in Figure 4c. Now, based on 
the compensated curves the 80 °C composite with the amorphous TiO2 is a better 
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photocatalyst than the RFCA substrate. However, the 250 °C ALD TiO2 coated RFCA 
composite still has lowest photocatalytic activity, compared to the bare RFCA. As was 
demonstrated on the TG/DTA-MS curves (Figure 1b) the RFCA loses functional groups, when 
heated to 250 °C, and this may have a deteriorating effect on photocatalysis. In the case of 
RFA, when heated to 250 °C, still considerable amount of heteroatoms are there in the 
structure (Figure 1a). To test this, the bare RFCA was heated to 250 °C in N2 atmosphere to 
simulate the effect of heat treatment on the substrate during the ALD process. We 
presumed that this heat treatment does not change the BET surface area. This heated 
substrate was also tested for photocatalytic activity and normalized with the specific surface 
area of the RFCA substrate. After the 250 °C inert atmosphere annealing, the photocatalytic 
activity of the RFCA decreased. Now, compared to annealed RFCA, the composite with the 
250 °C ALD deposited anatase TiO2 shows a better performance, demonstrating that the 
deposited oxide layers increased the photocatalytic activity of the RFCA substrate. 
Interestingly, the RFCA/80 °C amorphous TiO2 composite is more active photocatalyst, than 
the RFCA/250 °C crystalline TiO2 composite. This might be explained by i) the sample 
contains less TiO2 and in spite of the visibly continuous coverage, the MO molecules have 
also access to the reactive photocatalytic sites of RFCA; ii) the TiO2 is much better distributed 
and provide more advantageous access to the catalytic decomposition. Nevertheless, the 
fact that amorphous TiO2 grown by ALD has photocatalytic effect is an unexpected result. 
TiO2 was considered to be an active photocatalyst only in crystalline form. Recently, 
amorphous TiO2 grown by low temperature ALD on lotus leaf [28] or on C60-OH [45] also 
showed also photocatalytic property. Our present result is a further support for this 
phenomenon.  
 
4. Conclusions 
 
In this study the application of the atomic layer deposition was extended for depositing TiO2 
on resorcinol-formaldehyde aerogel (RFA) and carbon aerogel (RFCA) substrates to obtain 
composites for photocatalytic purposes. The samples were studied by N2 adsorption, 
TG/DTA-MS, Raman, SEM-EDX and TEM. The aerogels were made up by a 3D chain of 
spherical beads. Due to the low ALD temperature at 80 °C, the TiO2 deposited on both 
substrates was amorphous, while grown at 250 °C it was in crystalline anatase phase. The 
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RFA had negligible photocatalytic activity, while the crystalline TiO2 deposited on it increased 
it significantly, and even the amorphous TiO2 had observable photocatalytic property. Our 
results clearly demonstrate that the RFCA substrate alone has photocatalytic activity, owing 
to its higher specific surface area and semiconductor nature. When RFCA was covered with 
amorphous or crystalline TiO2 by ALD, unexpectedly the photocatalytic activity decreased. 
This was rationalized by that due the oxide coating the average density and hence the 
specific surface area of the RSCA decreased, yielding a lower photocatalytic performance. In 
addition, the heat treatment of the RFACE substrate during the ALD reaction at 250 °C 
resulted loss of functional groups and photocatalytic reactive sites. When the decrease in 
specific surface area and the annealing effect were compensated, it was obvious that the 
ALD TiO2 layers improved significantly the photocatalytic activity of RFCA. All carbonized 
samples showed better activity than the reference P25 TiO2. 
As a conclusion, when porous carbon nanostructures are coated by ALD oxide layers, several 
factors have to be taken into account when studying the composites in various applications. 
The ALD layer might improve certain properties or provide new functionalities. However, the 
change in overall density and hence in specific surface are must be paid attention to, and it 
might be considered how much the heat treatment, which the substrate receives during the 
ALD reaction, might change the functional properties of the substrates.  
Interestingly, photocatalytic property of amorphous TiO2 grown by ALD was confirmed. It is 
obvious that low temperature ALD of photocatalytic amorphous TiO2 has a high potential, 
and can be used in e.g. coating highly structured heat sensitive substrates with self-cleaning 
films. 
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Figures 
 
 
Figure 1. TG/DTA-MS results of (A): RFA and (B): RFCA substrates. 
 
  
 
Figure 2. TEM pictures of (A): RFA/TiO2/250°C and (B): RFCA/TiO2/250°C composites 
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Figure 3. Raman spectra of the RFA and RFCA substrates and their composites 
 
 
Figure 4. Photocatalytic results of (A): RFA and its composite, (B): RFCA and its composites 
and (C): specific surface area and heating corrected data of RFCA and its composites. 
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Tables 
 
Sample 
Element (atom %) 
C O Cl Ti 
RFA 77.5 22.5 0.0 0.0 
RFA/TiO2/80°C 73.0 26.0 0.2 0.7 
RFA/TiO2/250°C 64.3 32.6 0.3 2.9 
RFCA 94.7 5.3 0.0 0.0 
RFCA/TiO2/80°C 91.8 7.8 0.1 0.3 
RFCA/TiO2/250°C 89.3 8.7 0.3 1.8 
 
Table 1. EDX data of the samples  
 
 
Sample 
SBET 
m2/g 
RFA 262 
RFA/TiO2/80°C 242 
RFA/TiO2/250°C 232 
RFCA 870 
RFCA/TiO2/80°C 615 
RFCA/TiO2/250°C 645 
 
Table 2. Apparent surface area (SBET) of the samples 
 
Bond Concentration in sample (%) 
 RFA RCA 
C-C 65.11 77.54 
O-C=O 6.87 4.23 
C-O-C 18.37 14.90 
C-Si 9.66 3.32 
 
Table 3. XPS results 
